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CLAIMS 



[Claim(s)] 

1. They are Operating Instructions of Secondary Ion Time of Flight Mass Spectrometer for Analysis 
of Mass Spectrum. It is what the mass field where many were microstructure-ized separates and 
produces at quite big spacing. A primary ion pulse is continuously emitted to a a sample front face at 
intervals of [ regular ] tz (cycle time). The secondary ion of the various mass m which jumps out of a 
sample front face by the b primary ion is accelerated with equal energy. The time of flight t depending 
on c mass is measured covering range 1, and mass is determined from there. In the approach equipped 
with the above step The d each first ion pulse consists of many subpulses. The width of face of e each 
subpulse is narrow, and decomposition of the microstructure-ized mass field is enabled. The spacing 
tB of a f subpulse is larger than the width of face of the microstructure-ized mass field. Several n of a 
g subpulse is chosen so that n-tB may become smaller than spacing between the microstructure-ized 
mass fields, n spectrums of each microstructure-ized mass field about h subpulse are added. 
Approach characterized by things. 

2. Approach according to claim 1 characterized by the trains from n= 3 to n= 20 constituting the 
primary ion pulse. 

3. It is Secondary Ion Time of Flight Mass Spectrometer for Enforcing Claim 1 or Approach by 2. A 
primary ion pulse is continuously emitted to a a sample front face at intervals of [ regular ] tz (cycle 
time). The secondary ion of the various mass m which jumps out of a sample front face by the b 
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primary ion is accelerated with equal energy. The time of flight t depending on c mass goes also over 
path length 1, and is measured, and mass is determined from there. In a thing The sample front face is 
equipped with n sources of a primary ion in the short time interval tB to which the same primary ion 
train is substantially emitted with a time interval tz and which were pulse-ized. The time interval tB 
of two primary ion pulses is larger than the difference of the time of flight of the element ion of a 
criteria mass field, or molecular ion in that case. On it Spacing of the primary ion pulse of the 
beginning to the last tA=n-tB is the secondary ion time of flight mass spectrometer characterized by 
adding n microstructure maxims which are shorter than the difference of the time of flight between 
the criteria mass in the detected mass field, and belong to the same secondary ion kind in that case. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Operating instructions of the secondary ion time of flight mass spectrometer It dissociated about the 
operating instructions of the secondary ion time of flight mass spectrometer for mass spectrum 
analysis at spacing with the quite big mass field where many were microstructure-ized at that time, 
this invention was produced, and it has the following steps.; 

a) A primary ion pulse is continuously emitted to a sample front face at intervals of [ regular J tz 
(cycle time) The secondary ion of the various mass m which jumps out of a sample front face by b 
primary ion is accelerated with equal energy The time of flight t depending on c mass should be 
measured covering range 1, and mass should be determined from there. 

For the approach mentioned above, time of flight t is ****** to the radical root of mass. 

« ( t « v~m k it m ir s ) o m m © 

The number of degree ion makes a microstructure maxim (Feinstruktur-Maxima) at intervals of [ tm ] 
predetermined time in a "criteria mass-field" within the fixed cycle time tz, and the latter is equivalent 
to the integral atomic weight or the molecular weight of element ion or molecular ion, respectively in 
that case. The amplitude of a microstructure maxim makes possible the quantitative analysis and 
qualitative analysis of structure on the front face of a sample. 

A secondary ion time-of-flight mass spectrometer and this are called TOF-SIMS (time-of-flight 
secondary ion mass spectrometry) again, and are known well (refer to Analytica Chemistry, 1992, 
Vol.64, Pagel027 ff, and 1993, Vol.65, and Page630Aff.). This is used for the chemical analysis on 
the front face of a solid-state. 

The primary ion beam by which pulse die length tp was pulse-ized is emitted to a sample front face in 

that case. By this primary ion beam, secondary ion jumps out of a sample front face. 

The generated secondary ion is accelerated with the equal energy E in the extract field (several KeV). 
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Then, secondary ion flies the flight path length 1, and is detected by the detector which has time 
resolution at the termination of the flight path length. Secondary ion is simply electrified in the large 
number. 

The time of flight of secondary ion is expressed with a degree type. It is got blocked, 

t = l/ v= (1/rTT) - S~~m = m%t • vHET (I) 

Therefore, in the case of the equal energy E, the exact mass m of secondary ion can be calculated 
from the calculated time of flight. 

As for record of secondary ion, according to a desired mass, field, a degree type is drawn from the 
above-mentioned formula (1) within a time interval tz, i.e., the cycle time, in a line crack and that 
case from the time amount which the primary ion pulse collided with. It is got blocked, 

t z - 5£ & • vHnTaT" ( 2 > 

The following primary ion pulse can be applied to a sample after progress of this cycle time. 
Measurement of time of flight follows and is repeatedly performed by the frequency f= 1/tz. It is 
0.1-10 at the type target which generates and detects only few secondary ion very much per 1 cycle. 
Mass analysis which had ratio with reinforcement to low sufficient high reinforcement dynamically 
enough covering many mass numbers is realized by accumulating the number of events of many 
cycles. This measuring time becomes about 100 - 1000 seconds typically. 

Element ion and molecular ion jump out of a sample front face. The exact mass of the secondary ion 
kind which is element ion or molecular ion is obtained from the sum total of atomic weight. Each 
atomic weight is slightly shifted from the integral value for nuclear binding energy, and the criteria 
mass field mentioned above on both sides of an integral value is generated, the exact mass of element 
ion and molecular ion is slight — it is as ****. As an example of the secondary ion kind of 27u, they 
are aluminum +:26, 99154 u;C2H3+:27, and 023475u. Various secondary ion kinds are separated, 
that is, it is decomposed into a microstructure-maxim, and an element and a compound divide and are 
detected by mass resolution high enough. Separation of such various kinds is a substantial 
prerequisite for the trace detection of a compound and an element. 

In TOF-SIMS, m it attaches, and is stated, and this mass defect deltam in mass m is divided into two 
microstructure-maxims. [ mass resolution ] This is deterministically dependent on the primary ion 
pulse die length tp. Although the further factors for this separation are the resolution of a time of 
flight analyzer, and the time resolution of a detector or a record electronic system, they are not the 
objects of this invention anyway. 

the TOF-SIMS method is used only for analysis of a surface structure — not having - the high 
location of a submicron field ~ record of distribution from one side face of various elements and 
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compounds with resolution is also realized. For this reason, the focus of the primary ion beam is 
carried out to a very small point, and it scans a sample with deviation equipment. A mass spectrum is 
taken and evaluated to each scanning point. Then, a distribution image is generated from the result of 
many scanning points (typically for example, 256x256) (imaging TOF-SIMS). Furthermore, depth 
distribution of various kinds can be measured by analysis of sample logging using a primary ion 
beam or the additional ion source, or various penetration depths (depth gestalt). 
In the case of typical drift distance [ about 2m ] 1, primary ion pulse die length required for high mass 
resolution is several [ only ] nanoseconds. This primary ion pulse is made by the suitable beam 
pulse-ized approach from the static beam of the ion source. The number of the primary ions per pulse 
is obtained from the static flow Ip and the pulse die length tp of the ion source. It is got blocked. 
Np=Ip-tp/e (e: element charge) (3) 

It is clear from this in the case of shortening of primary pulse die length the number's [ of primary 
ions ] per pulse to decrease. In order for this to generate the secondary ion of the same number and to 
detect it, many primary ion pulses will be needed. This means the increment in the measuring time. 
Since the increment in this measuring time uses only the very small ionic current Ip first in the case of 
the detailed focus ion source for very small field analysis, it poses a problem. In order to acquire the 
gestalt of the depth direction by obtaining a spectrum by high dynamics, obtaining the distribution 
image of one side face, and high dynamics, it becomes the measuring time of 1 hour to several hours 
in many cases. 

in the case of the conventional technique, shortening of the measuring time has suitable loss of mass 
resolution, and lengthens primary pulse die length tp — or it is possible only by raising a cycle 
repeatedly with suitable limitation of the mass field to catch. 

This technical problem is offering the operating instructions of a secondary ion time-of-flight mass 
spectrometer, and enabling compaction of the measuring time without loss of mass resolution, and 
reduction of a mass field by this. 

This technical problem is solved by having the following descriptions in the conventional approach 
stated by introduction.; 

d) The each first ion pulse consists of many subpulses. The width of face of e each subpulse is narrow. 
Decomposition of the microstructure-ized mass field is enabled. The spacing tB of f subpulse is larger 
than the width of face of the microstructure-ized mass field. Several n of a g subpulse is chosen so 
that n-tB may become smaller than spacing between the microstructure-ized mass fields, n spectrums 
of each microstructure-ized mass field about h subpulse are added. 

if it puts in another way — : — it not only uses the short primary ion pulse of 2 and 3, but the front face 
is emitted within the cycle time tz in the time amount interval tz (formula 2 reference) using the same 
sub pulse train substantially [ a majority of short time intervals ]. ; with larger spacing of two 
subpulses than the difference of the time of flight of the element ion and molecular ion of integer 
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criteria mass — spacing of the primary ion-subpulse of moreover, the beginning, and the last is 
smaller than the difference of the time of flight between the criteria mass of the mass field to detect, 
by adding n produced micro maxims, without lengthening the measuring time, the S/N ratio of 
measurement is boiled markedly and improves. Preferably, this train consists of subpulses from n= 3 
to n= 20. 

The equipment for performing this approach follows, and emits a primary ion to a sample front face 
in pulse (primary ion pulse), and that primary ion generates the secondary ion of various mass from a 
sample front face. After this secondary ion is generated, it is accelerated with the same energy E. The 
time of flight t depending on mass is measured covering range 1, the time of flight t is proportional to 
the radical root of mass, the number of the secondary ion equivalent to the predetermined mass m 
makes a microstructure-maxim with the time interval tm predetermined within the fixed cycle time tz, 
and the latter is mostly equivalent to the element weight or molecule weight of element ion or 
molecular ion, respectively in that case. 

The amplitude of a microstructure-maxim enables qualitative and quantitive analysis of the structure 
on the front face of a sample. This equipment has offered n sources of a primary ion in the short time 
interval tB to which the same primary ion train is substantially emitted at the time amount interval tz 
and which were pulse-ized on the sample front face. The time interval tB of two primary ion pulses is 
larger than the difference of the time of flight of the element ion of a criteria mass field, or molecular 
ion in that case. On it Spacing of the primary ion pulse of the beginning to the last tA=n-tB is shorter 
than the difference of the time of flight between the criteria mass in the detected mass field, and it is 
characterized by adding n microstructure maxims belonging to the same secondary ion kind in that 
case. 

The example of this approach and this equipment is explained to the drawing. This drawing is as 
follows. It is got blocked, drawing 1 is the ** type block diagram of the time of flight mass 
spectrometer. Drawing 2 with the conventional technique obtained mass spectrum Spectrum list of a 
mass field l-50u Detail of b mass field 26.5-28.5u Mass spectrum from which drawing 3 was 
obtained on the operating instructions by this invention Spectrum list of a mass field l-50u Detail of b 
mass field 26.5-28.5u Drawing 4 is the secondary ion distribution image obtained by the conventional 
technique. Drawing 5 is the secondary ion distribution image obtained on the operating instructions 
by this invention. Drawing 1 shows the measurement principle of the secondary ion 
time-of-flight-mass-spectrometry approach, beam pulse equipment PS with suitable ion source IQ 
which carries out consecutive operation ~ a pulse — are-izing and the primary ion pulse mentioned 
above arises. 

then, the primary ion beam which passed along mass filter MF while being pulse-ized be put together 
in a focus in Sample P (target) using focal equipment FK and raster equipment RS — it is positioned. 
It is generated by the primary ion beam and all the secondary ion by which the electric charge was 
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carried out simply is accelerated with the same energy E with sweep voltage Uac. Then, it is 
measured with the time of flight analyzer FZA in which the time of flight has a spatial and time 
focus-ized property. Suitable ion detector ID in which time amount decomposition suitable for 
detection is possible is used. The output pulse of ion detector ID is processed by the record electronic 
system which consists of a time amount-digital converter TDC connected with Discriminator DS and 
high-speed memory. 

The typical measurement result obtained by the conventional technique of this approach is shown in 
drawing 2 a and 2b. Here, the primary ion pulse with the pulse die length for 1.3ns per [ 2 and 3 ] 
cycle-time tz was used. The secondary ion from which it seceded over the cycle time for 100 
microseconds was recorded, it was total and all the events were added over 1695-107 cycle. The 
measuring time follows and becomes 1695 second = 28 minutes here. In the above-mentioned case, 
the silicon wafer which has aluminum test structure as a sample is treated. Drawing 2 a shows a 
spectrum list in the mass field (criteria mass) of l-50u. 

Drawing 2 b shows the microstructure of the maxim in the mass field of 26.5-28.5u of the spectrum 
by drawing 2 a to a detail. Here, separation of various atomic ion or molecular ion becomes clear by 
high mass resolution. In the case of the criteria mass 27, separation of aluminum+ and C2H3+ is 
performed, and, in the case of the criteria mass 28, separation of Si+, A1H+, and C2H4+ is performed. 
The further maxim does not exist between the maxims of the criteria mass 27 and 28 as a result of the 
exact mass of the element of a periodic table, for example, they are C2H3+ and Si+. 
The operating instructions illustrated by drawing 3 a based on this invention and drawing 3 b in the 
number of the secondary ion recorded in the predetermined measuring time in order to shorten the 
measuring time sharply in order to raise the dynamics as a result are chosen. Here, the subpulse of 12 
of the same pulse die length was used with the time interval for 25ns instead of the primary ion pulse 
of 2 and 3, and the eternal cycle time tz in that case was 100 microseconds. 

Drawing 3 a shows the spectrum list of the mass fields of l-50u. Separation of various criteria mass is 
accepted clearly. The difference in the time of flight between m= 49 and m= 50 is greater than 
12.25ns = 300ns. 

The microstructure of the same mass spectrum of the mass field of 26.5-28.5u is shown in drawing S 
b. By using the sub pulse train of 12 of predetermined spacing, 12 steps of laps in the peak structure 
from drawing 2 b are accepted clearly. By choosing spacing of 25ns, the lap of the maxim belonging 
to various primary ion pulses is avoided, and the relating injury of the peak train to predetermined 
association of it is attained. As shown in drawing 2 b, in the case of the criteria mass 27, the maxim 
for aluminum* and C2H3+ is detected, and, in the case of the criteria mass 28, the maxim for Si+, 
and A1H+ and C2H4+ is detected. 

It was total and all the events were added over 1695-107 cycle. The measuring time becomes 1695 
second = 28 minutes like drawing 2 a and drawing 2 b here. This example shows that peak 
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interference which is blocked does not have, either and one 12 times the secondary ionic strength of 
this can be recorded, without spoiling mass decomposition in the case of the same measuring time. So, 
the same information as drawing 2 a and drawing 2 b is acquired by the measuring time of 1/12 by 
adding each secondary ion kind of reinforcement. This means shortening of the measuring time for 28 
to 2.3 minutes here. 

The actuation technique by this invention shortens the acquisition time amount for a secondary ion 
image again. 

Here, analysis like drawing 2 or drawing 3 is performed to each pixel (pixel) of every, and the 
distribution image of various secondary ion kinds is generated continuously. 

Drawing 4 shows the distribution image in the actuation technique by the conventional technique. Per 
1 cycle and the primary ion pulse of 2 and 3 were used. The event for each pixel was added and 
evaluated over 200 cycle. The total measuring time of a 256x256-pixel sake is 1310 second = 22 
minutes. 

Drawing 5 shows the distribution image of the same sample in the actuation technique by this 
invention. With the time interval for 25ns, the pulse train of 12 subpulse was used per 1 cycle. The 
event covering 200 cycles was added and evaluated. The total measuring time is the thing of drawing 
5 , and is 1310 second = 22 minutes. In the case of the same amount of information as the same 
measuring time, by actuation by this invention, the reinforcement and dynamics in a secondary ion 
distribution image become large certainly. To only secondary ion aluminum* of 47 being recorded in 
the pixel which has shone brightly, in the pixel which has shone brightly, it is total and the secondary 
ion of 41 1 is contained by drawing 5 at drawing 4 . In the case of the same acquisition time amount, 
the same improvement in image quality is shown by other distribution of C2H3+, Si+, and A1H+. By 
the same image quality, 1/12 is shortened for image acquisition time amount. 

The technique of using a time amount pulse train instead of a single pulse is applied also to a similar 
approach, and is applied also to the gas phase analysis especially using the time of flight mass 
spectrometry. The ion generating is performed by the electronic pulse in that case, the generated gas 
ion is accelerated, and the mass is determined by time-of-flight measurement. It is TOT-SIMS like 
[ an electronic pulse train is used instead of the electronic pulse of a single, and / in the case of being 
secondary ion time-of-flight mass analysis ]. - Required modification is added and shortening of the 
measuring time is obtained in the case of - high-resolution time-of-flight mass analysis. 



[Translation done.] 
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PCT No. PCT/EP95/01767 Sec. 371 Date Feb. 9, 
1996 Sec. 102(e) Date Feb. 9, 1996 PCT Filed 
May 10, 1995 PCT Pub. No. WO95/31000 PCT 
Pub. Date Nov. 16, 1995The invention pertains to 
a process for operating a time-of-flight secondary 
ion mass spectrometer for analysis of mass 
spectra, wherein a number of finely structured 
mass ranges appear in isolation at major 
intervals, involving the following steps: a) a 
surface of a material sample is bombarded with 
primary ion pulses that follow each other at 
regular time intervals tz (cycle time), b) the 
secondary ions of various masses m released 
from the material sample surface by the primary 
ions are accelerated to the same energy, c) the 
mass-dependent time of flight t is measured over 
a path 1 and the mass is determined therefrom. 
To increase the resolution and the signal-to-noise 
ratio the process is characterized in that: d) each 
primary ion pulse consists of a number of 
subpulses, e) each subpulse is so narrow that it 
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the finely structured mass ranges, h) the n 
subpulse spectra of each finely structured mass 
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